INTRODUCTION
Both environmental and genetic factors contribute to the pathogenesis of malignant melanoma (MM). A few of the representative genes mutated in MM include B-raf protooncogene, serine/threonine kinase (BRAF), neuroblastoma ras viral (V-ras) oncogene homolog (NRAS), CDK4, and p16, which are part of the mitogen-activated protein kinases (MAPK) pathway known to regulate cellular proliferation. There is increasing evidence for a role of the phosphoinositide 3-kinase pathway in the pathogenesis of MM, and it appears that different subtypes of MM show distinct patterns of genetic mutations 1 . Alterations in BRAF and NRAS are usually found in non-chronically sun-damaged skin melanomas, which frequently occur in Western countries, while melanomas associated with alterations in KIT, cyclin D1, and CDK4 are most frequently found in Eastern countries 2 . However, it remains unclear whether there exists a relationship between the involved genes and why MM occurs more frequently in Asians.
Phosphatase and tensin homologue (PTEN) is a tumor suppressor gene located on chromosome 10q23.3 that encodes the protein PTEN, which dephosphorylates lipids and proteins, therefore inhibiting the PI3K pathway. PTEN regulates cell growth and survival through Akt-dependent and -independent pathways; formation of tumor cells is associated with alterations of PTEN acting in the Akt-independent pathway, although Akt may be involved indirectly as well 3 . Akt is a protein kinase B that functions as a signaling molecule and receives a phosphate group from PIP3; it phosphorylates proteins such as Bad, caspase-9, and mdm2, and also accelerates degradation of p53, a tumor suppressor 4 . PTEN/PI3K/Akt also promotes p53 translation and protein stability, suggesting that additional mechanisms may be involved in the Akt-mediated regulation of p53 in tumors 5 .
We have analyzed the degree of expression of PTEN, Akt, and p53 in different types of acral melanocytic lesions including benign acral nevi, acral dysplastic nevi, acral melanoma in the radial growth phase and acral melanoma with a vertical growth component, and our results suggest a possible role of the abovementioned proteins in the formation of acral melanoma. 
MATERIALS AND METHODS

Materials
2) Assessment of immunohistochemical staining
Two dermatologists observed 100 randomly chosen immunohistochemically stained nevus/tumor slides under an optical microscope (×400). Three parameters were considered: (1) number of PTEN, p-Akt, and p53 stain-positive cells in each group of 10, (2) stain intensity of the positively stained cells, (3) proportion of positively stained cells. Loss of PTEN expression was also considered. Staining intensity was scored by agreement of the two dermatologists, and scores of the proportion of positively stained samples and PTEN loss were averaged.
(1) PTEN: Staining for PTEN was observed only in the nucleus because although PTEN proteins in both the nucleus and cytoplasm can be stained, those in the cytoplasm are hard to distinguish from melanin. The staining intensity was somewhat constant, so it was not included in the calculation of total score. Out of 100 nevi/tumor cells/slide, the proportion of negatively stained cells in each group was calculated. One point was given if the total PTEN-loss was less than 10%, 2 points for a reduction of 10%∼ 25%, 3 points for 25%∼50%, and 4 points for 50% or more.
(2) p-Akt: p-Akt resides in the cytoplasm; therefore, to distinguish it from melanin pigments, stained nevi/tumor cells in the nest/slide, where less melanin is found, were chosen if possible. Stain intensity and the proportion of positively stained cells were measured. The scoring system used for stain intensity was 0 for no stain, 1 for lightly stained, and 2 for strongly stained, and for scoring of the proportion of positively stained cells, 0 for no stain, 1 point for 10% of the cells, 2 points for 10%∼25%, 3 for 25%∼50%, and 4 points for more than 50%. Total Akt score was calculated by multiplying the scores for stain intensity and the proportion of positively stained cells.
(3) p53: As p53 resides in the nucleus, the proportion and intensity of cells stained brown in the nucleus was measured. The intensity scoring system was 0 points for no staining, 1 point for lightly stained, and 2 points for strongly stained. Points assigned for the proportion of positively stained cells were 0 for less than 1%, 1 for 1%∼ 5%, 2 for 5%∼15%, 3 for 15%∼35%, and 4 for over 35%. The total p53 score was calculated by multiplying the scores for the proportion and the intensity of stain.
3) Statistical analysis
The average, variance, and standard deviations of total scores for PTEN-loss, p-Akt, and p53 of the four groups were calculated, and ANOVA and Tukey's test were performed to evaluate statistical significance with significance level of p＜0.05.
RESULTS
Patient information
The average age of the 40 patients was 49.3 years, with a sex ratio of 1:3, with more female patients. The average ages 36.5 years in the benign acral nevi group, 45.7 for acral dysplastic nevi, 56.4 for acral melanoma in the radial growth phase, and 58.6 for acral melanoma with vertical growth. Benign acral nevi were found on the sole (n=8), toe (n=1), and finger (n=1), while acral dysplastic nevi were localized on the sole (n=6), palm (n=2), toe (n=1), and finger (n=1). Acral melanoma in the radial growth phase was found on the sole (n=5), toe (n=2), top of the foot (n=1), palm (n=1), and finger (n=1), and acral melanoma with vertical growth on the sole (n=4), toe (n=2), heel (n=1), finger (n=2), and near the fingernail (n=1).
PTEN, p-Akt, and p53 staining 1) PTEN Positive staining for PTEN was 9 benign acral nevi (90%) and all 10 of the specimens (100%) in the other three groups. A PTEN-loss score of 1.4±0.7 was calculated for benign acral nevi, 2.3±0.8 for acral dysplastic nevi, 2.3±0.8 for acral melanoma in the radial growth phase, and 3.4±0.7 for acral melanoma with vertical growth (Table  1) . PTEN-loss significantly differed between samples of acral melanoma with vertical growth component and the other neoplasm (Fig. 1A) (p＜0.0001) . Nevus/tumor cells lacking PTEN in their nuclei showed random arrangements, while some acral melanomas with vertical growth tended to be clustered (Fig. 2N) .
2) p-Akt
Three benign acral nevi specimens were p-Akt-positive (30%), slightly higher than the proportions in other neoplasms: 6 acral dysplastic nevi (60%), 5 acral melanomas in the radial growth phase (50%), and 5 acral melanomas with vertical growth (50%). Evaluating p-Akt-positive tissues separately, the average stain intensity score for each group was 1.3, 1.0, 1.2, and 1.8, with acral melanoma with vertical growth scoring the highest. The average score for the proportion of positively stained cells for the melanoma was higher than that of the nevi, with the neoplasm types scoring 1.3, 1.8, 2.6, and 2.6. The total p-Akt score for benign acral nevi was 1.7±0.6, for acral dysplastic nevi 1.8±0.8, for acral melanoma in the radial growth phase 2.6±1.1, and for acral melanoma with vertical growth 4.4±2.6 (Table 1, Fig.  1B) . The difference in p-Akt scores between the acral melanoma with vertical growth and benign acral nevi was significant (p=0.0162). Cells with positive staining for cytoplasmic p-Akt were irregularly scattered with pattern of nests formed by pos- itively stained cells in acral melanomas with vertical growth (Fig. 2O ).
3) p53
Tissue counts for p53-positivity were 4 for benign acral nevi (40%), 8 for acral dysplastic nevi (80%), 9 for acral melanoma in the radial growth phase (90%), and 9 for acral melanoma with vertical growth (90%). Similar to p-Akt staining, the other three neoplasms had a higher proportion of positively stained cells than benign acral nevi. The average score for stain intensity for each group was 1.2, 1.1, 1.6, and 1.6 with the two melanoma groups more strongly stained. The calculated proportion score for positively stained cells was 1.8, 1.9, 2.2, and 2.4 for each group; the score for acral melanoma with vertical growth was highest. The total p53 score for benign acral nevi was 2.0±0.8, acral dysplastic nevi 2.1±1.0, acral melanoma in the radial growth phase 3.8±2.8, and acral melanoma with vertical growth 4.1±2.8 (Table 1, Fig.  1C ). The average p53 scores for benign acral nevi and acral dysplastic nevi were similar, while those of the two melanomas were higher, especially acral melanoma with vertical growth. However, analysis through Tukey's test showed no significant difference between the total scores of the four groups (p=0.2182). Cells with a nucleus positive for p53 mostly showed random arrangements, while some clusters were observed in a few melanoma tissues (Fig. 2P ). tiginous melanoma is the most commonly occurring type of melanoma in Eastern countries, accounting for about 60% of total melanoma patients in Korea, while it occurs in only about 2%∼8% of patients in Western countries 7 .
Although the incidence rate as well as social interest of melanoma are increasing in Korea, the pathophysiology of the most commonly occurring type, acral lentiginous melanoma, is still not well known compared to other subtypes.
The most investigated gene in the study of MM pathophysiology is BRAF, a serine/threonine kinase in the MAPK pathway, and around 60%∼70% of total melanoma patients carry the BRAF mutation 8 . The second most commonly mutated gene, found in about 15%∼20% of melanoma patients, is NRAS, which is associated with both the MAPK and PI3K pathways 9 . However, the mutation rate is dependent on MM subtype, specifically on whether or not chronic sun-damage is present. Thus Bastian et al. 10 have suggested a new classification system of melanoma, defining acral melanoma as melanoma that occurs in the acral regions regardless of prior classifications. Subsequently, Zebary et al. 11 have found that of all genetic mutations known for acral melanoma, BRAF accounts for around 14.8%, NRAS 13.3%, and KIT 13.4%, while genetic mutations in cyclin D1 and CDK4 are more frequent. These authors pointed out the importance of the PI3K signaling pathway. PTEN is the most commonly researched protein in the PI3K/Akt pathway that is associated with melanoma. As mentioned earlier, PTEN is associated with both Akt-dependent and Akt-independent pathways in tumorigenesis 3 .
First, PTEN blocks the pathway leading to PI3K, phosphatidylinositol (3,4,5)-trisphosphate (PIP3), and Akt, through which it inhibits cellular apoptosis and expression of cyclin D and, through mdm2, suppresses the degradation of p53 to stop tumor formation 3 . Also, PTEN Akt-independently interacts with p53 and cyclin D, and stabilizes p53, whose half-life is short in the nucleus, and promotes transcription of p53 12, 13 . Furthermore, p53 binds the PTEN promoter region and activates translation of PTEN, forming a positive feedback loop 14 . PTEN-dependent tumorigenesis is thought to be associated with the Akt-independent pathway, but the exact players in tumorigenesis are still unclear. However, it appears that Akt does more than just accumulate as a result of inhibited PTEN expression 3 .
In most tumors, a PTEN mutation usually appears as a loss of allele or point mutation, and is more frequently found in progressed or metastatic tumors 15 . Shull et al. 16 reported that in 454 metastasized melanomas, around 22% contained inactive PTEN mutation; they therefore concluded that it is the predominant mutation. However, in another study investigating 88 primary acral lentiginous melanoma patients, only one patient (4%) was found to have a PTEN mutation 11 . According to our immunohistochemical staining, except for one benign acral nevi sample, all others (39 samples) expressed PTEN. Moreover, a positive correlation between malignancy and the proportion of PTEN negative cells was observed, with the total PTEN-loss score for each group at 1.4, 2.3, 2.3, and 3.4. In particular, the proportion of PTEN-negative cells was higher in the more advanced form of acral melanoma. In a previous study by Whiteman et al. 17 , they observed 84 out of 94 primary melanoma tissue samples lacked PTEN protein and 8 had normal expression. In an independent study by Tsao et al. 18 , 16 of 35 benign nevi (46%), 1 of 4 dysplastic nevi (25%), and 26 of 30 melanomas (87%) showed PTEN loss in the nucleus. Additionally, melanoma types with greater PTEN loss have been reported to be associated with higher mitotic rate and tumor cell migration rate as well as worse prognosis 17 . In summary, PTEN mutation is thought to have an impact on melanoma progression and migration. In parallel with this hypothesis, our results show that acral melanomas with vertical growth had greater PTEN loss compared to the other skin neoplasms, showing the possibility that this hypothesis may apply for acral melanoma. Akt is a protein kinase B that functions as a signaling molecule that receives a phosphate group from PIP3 and phosphorylates proteins such as BAD, caspase-9, and mdm2 and also accelerates degradation of p53, a tumor suppressor 4 . PTEN/PI3K/Akt also promotes p53 translation and protein stability, suggesting that additional mechanisms may be involved in Akt-mediated regulation of p53 in tumors 5 . Some reports have found Akt gene mutationS in MM samples, but the mutation rate was very low 19 .
Therefore, altered expression of Akt protein in melanoma appears to be due to upstream mutations in PTEN or other molecules in the Akt pathway. In our experiment, overall p-Akt staining was low. The total p-Akt score for each group was 1.7, 1.8, 2.6, and 4.4, and as with the PTEN reduction score, acral melanoma with vertical growth scored the highest for both stain intensity and the proportion of positive cells. However, scores were only based on the positively p-Akt stained samples, so the sample number was too small for a significant ANOVA or Tukey's test to be performed. An analysis of p-Akt stains by Dai et al. 20 , in nevus/tumor cells from different body parts found that 17% of benign nevi, 43% of dysplastic nevi, 49% of primary melanoma, and 77% of metastasized melanoma were positively stained, and in parallel with our results, stain intensity was highest for metastasized melanoma. They also suggested that higher p-Akt expression was associated with stronger local invasion and more advanced progression accompanied by worse patient prognosis. In contrast, Shanesmith et al. 21 have reported the opposite result by comparing benign nevi, including dysplastic nevi and Spitz nevi, against MM. They found p-Akt in 75% of benign nevi and 43% of the MM group, with weaker stain intensity in the MM group. We have obtained results similar to those of the former studies, suggesting that p-Akt expression changes after the growth of melanoma but further investigations with larger sample sizes will be necessary. The mutation rate of p53 in acral melanoma is very low compared to other types of melanoma, but nuclear p53 expression is known to be more frequent and intense in melanoma than other tissues 22 . The half-life of wild type p53 is very short, only a few minutes, while the half-life of mutated p53 is much longer, up to several hours, which enables detection of mutated p53 through immunohistochemical staining 23 . Increased expression of mutated p53
in melanoma is more likely to be due to secondary changes resulting from abnormal signaling upstream of p53 rather than mutation of p53 the gene itself. Our data show that expression of p53 increased with malignancy, with total p53 scores for each group calculated to be 2.0, 2.1, 3.9, and 4.4, with the two melanoma groups scoring higher than the nevus groups. However, unlike PTEN and p-Akt staining, the degree of expression of p53 was also high in acral melanoma in the radial growth phase, suggesting that expression of p53 may also be associated with other signaling pathways besides PTEN and Akt. McGregor et al. 24 were the first to report that p53 expression in metastasized melanoma is higher than that of primary melanoma, and subsequently Kanoko et al. 25 have quantified this and reported no p53 positivity in benign and dysplastic nevi, while about 27%∼29% of primary melanomas and 57%∼64% of metastasized melanomas were positive for p53. Therefore, change in expression of p53 protein may be a subsequent event in the development of melanoma. In summary, we have performed immunohistochemical staining of benign and malignant acral melanocytic lesions against proteins involved in PI3K such as PTEN, p-Akt, and p53. PTEN expression was reduced, while p-Akt was increased in acral melanomas with vertical growth. Further, melanomas with mutated p53 showed greater stain intensity and a higher proportion of positively stained cells; however, these differences were not statistically significant. Therefore, we suggest that abnormal PTEN promotes tumor formation in the later phase of melanoma development. Altered expression of p-Akt is thought to be secondary following the loss of PTEN. This study is the first comparing the degree of expression of PTEN-related proteins of acral melanocytic lesions, and further investigations on mutations and expression of other proteins in different pathways will shed light on the pathophysiology of acral melanocytic tumors. However, our study had certain limitations. We had a small number of samples. In addition, concomitant genomic analysis to corroborate immunohistochemical findings should be performed in future. Moreover, with accumulating studies on the effectiveness of PI3K pathway blockers in melanoma resistant to BRAF-targeted therapy, drugs that target PI3K/Akt may be good candidates for future melanoma treatment 26, 27 .
